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Particle-packed fiber article having antibacterial property. 



@ Specific zeolite particles retaining therein a metal ion hav- 
ing a bactericidal activity are packed and retained in a mixed 
fiber assembly composed of low-melting thermoplastic syn- 
thetic fibers and ordinary fibers. The zeolite particles are re- 
tained by welding of the low-temperature thermoplastic syn- 
thetic fibers but in a state of allowing the contact thereof with 
an external fluid. The particle-packed fiber article has an excel- 
lent and durable antibacterial activity and can be used in var- 
ious fields. 
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PARTICLE-PACKED FIBER ARTICLE 
HAVING ANTIBACTERIAL PROPERTY 

FTELD OF THE INVENTION 

This inveixtion relates to a fiber article having an 
antibacterial property containing therein zeolitic solid 
particles having an antibacterial activity. More parti- 
cularly, the invention relates to a fiber article having an 
antibacterial property, which retains zeolitic particles 
having a bactericidal activity in fibers having fused 
intersection points and capable of contacting with external 
fluids through the cavities in the fibers. 

•BACKGROTTND OF TIT R INVENTION 

It is known for a long time that a silver ion, a copper 
ion and a zinc ion have an antibacterial property. For 
example, a silver ion is widely utilized as a disinfectant 
or a germicide in the form of a solution of silver nitrate. 
However, the use of silver nitrate as a form of solution is 
inconvenient for handling as well as there is a fault that 
such a form is used for only restricted purposes. 

Furthermore, it is attempted to adsorb a silver ion on 
adsorbent such as activated carbon, alumina, silica gel, e 
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and pack the adsorbent in a vessel or fix the adsorbent with 
a resin for bactericidal use. However, such a utilization 
has faults that the application of the bactericidal material 
is restricted and also the exchange operation of the 
bactericidal material is troublesome • In particular, the 
foregoing method of fixing the silver— adsorbed material 
with a resin encounters a difficulty that the property of 
the adsorbent is sacrificed and hence it is difficult to 
utilize such a method in various fields. 

On the other hand, Japanese Patent Publication 
(Unexamined) No. 38,358/1980 discloses a bactericidal 
material mainly composed of a high molecular material having 
a fxxnctional group in the form of a complex with a silver 
ion, a copper ion or a zinc ion. However, the bactericidal 
material is a film— shaped material and hence such a material 
is used only for restricted purposes. 

SUMMARY OF THE INV^ENTION 

Therefore, as the result of vari9us investigations for 
overcoming the foregoing difficulties, the inventors have 
discovered that a fiber article having an antibacterial 
property, which has various merits in the points of anti- 
bacterial activity, durability of effect, etc., and can be 
effectively and widely utilized, is obtained by fixing an 
antibacterial metal ion onto a zeolite material having a 
specific property for stabilization and surely incorporating 
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the metal ion-fixed zeolite material in a filler article 
which can be easily fabricated into a desired form, and 
leased on the discovery, the present invention has been 
attained. 

That is, according to the present invention, there is 
provided a particle-packed fiber article having an 
antibacterial property comprising zeolitic particles 
retaining therein at least one metal ion having a hactericidal 



property and having a specific surface area of at least 150 m / 
and a S±0^/A3.^0^ mol ratio of at most l4 and a mixed fiber 
assembly composed of a natural fiber staple or synthetic ; 
fiher staple and a fiber staple containing low-melting 
thexnnoplastic synthetic fibers having a melting point at 
least 30°C lower than the melting point or the decomposition 
point of the aforesaid natural fiber staple or synthetic 
fiher staple, at least a part of the intersection points of 
the staple of said mixed fiber assembly being stuck to each 
other by the fusion of the low-melting thermoplastic syrithetic 
fibers, Whereby said zeolitic particles are incorporated a^d 
retained in the fiber assembly in the state of allowing the 
contact of the foregoing zeolitic particles with an 
xtemal fluid. 

BRIEF DESCRIPTIO>r OF THE DRAVINGS 

Fig. 1 is an electro^icroscopic photograph of an 
tonconverted A- type zeolite powder. 
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Fig. 2 is an elec tr omicrosc opic photograpli of a 
converted copper-A-type zeolite according to this invention 

(Example 2), and 

Fig^ 3 is an electromicroscopic pliotograph. of* a copper- 
A-type zeolite converted by an imdesired embodiment 
(Comparison example 2). 

DESCRIPTION" OF THE PREFERRED EMBODXMENT 

The zeolitic solid particles having a bactericidal 
activity in this invention are natural or synthetic zeolite 
particles retaining one or more metal ions having a 
bactericidal activity at the ion-exchangeable sites thereof*. 
Preferred examples or metal ions having a bactericidal 
activity are ions of Ag, Cu, Zn. Therefore, these metals 
can be used solely or as a mixture of them for the foregoing 
purpose of this invention* 

Zeolite is generally aluminos ilicate having a three- 
dimensionally groim skeleton structure and is generally 
shown by xM^/^O- Al^O^-ySiO^ • zH^O with Al^O^ as a standard, 
wherein M represents an ion-exchangeable metal ion, which is 
usually the ion of a monovalent or divalent metal; n corres- 
ponds to the valence of the metal; x is a coefficient of the 
metal oxide; y is a coefficient of silica; and z is a 
number of water of crystallization. Various kinds of zeolites 
having different component ratios /fine pore diameters, and 
specific surfac areas are known. 
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is recuxred that tlxe specific surface area 
However, it is requircv* 

..e .eol».c solid par.icXes used in t.is invention is 
Xe.st 150 »^/. (an^ydrons zeolite as standard) and t..e 

the zeolite constituting components 

Si02/Al203 

is at most lU, preferably at most 11. 

1 ^--io-n of a water-soluble salt of a metal 
Since a solution ot a wauc 

. -^^i =.^-fcivitv used in this invention, such 
having a bactericidal activity us 

.3 Silver, copper, and .inc easily causes an ion exchange 
.ith zeolite defined in this invention, the foregoing metal 
.ons can be retained on the solid phase of zeolite solely or 
as a mixture of them by utilizing such an ion exchange 

t in this case the zeolitic particles retaining 
phenomenon but in this case 

t.e .etal ion or ions n„.st sati=.r t.e conditions t.at 
,p,ci.ic area is at least 150 U and t.e SiO./Al.O, =.ol 

^ A +-v.a+- if the zeolitic 
a. lit It has been found that, ii 

ratio is at most 14-. i^ 

particles do not satisfy t.e .cre.oin. conditions, a desired 
product na.in« an e..ective bactericidal acti.it. cannot .e 
chained. T^is i= considered to be based on tlxat tb. 
..solute a.c«nt o. tne -etal ion or ions fixed to zeolite 

... 4.1,. affect. In otner words, it 
in the state of exHibitmg the effect. 

.3 considered to b, based on the physicocheoical properties 
s.ch as the amount pf the exchange gronp of zeolite, the 
exchange rate, the accessibility, etc. 

Therefore, a zeolite having a larger SiO./Al.Oj ratio. 
Which is known as a molecular sieve is utterly 
the invention of this application. 
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Also, it lias been round tliat zeolite iiaving^ a SiO^/Al^O^ 
mol ratio of at most 1^ can iinirormly retain tlie metal ion 
having a bactericidal activity, whereby a sufficient 
bactericidal activity can be obtained by using such, a 
zeolite* In addition, tlie acid resistance and alkali resistance 
of zeolite having a high SiOg/Al^O^ mol ratio over become 
larger with the increase of the content of SiO^ but, on the 
other hand, it takes a long period of time to prepare such a 
zeolite and hence the use of the zeolite having such a high 
silica content is not profitable from economical aspect. 
The natural or synthetic zeolite having a SiO^/Al^O^ of a,'t 
most can be sufficiently used from the point of acid 

resistance and alkali resistance in an ordinary utilization 
■f^ield of the article as well as is inexpensive from economical 
aspect and, therefore, can be advantageously used. From 
these view points, it is required that the SiO^/Al^O^ mol 
ratio of the zeolitic particles be at most l4. 

As the zeolite material having a SiO^/Al^O^ mol ratio 
of at most 1^ used in this invention, any natural or synthetic 
zeolites can be used. Examples of natural zeolite used in 
this invention are analcime (siO^/Al^O^ = 3*6 to 5*6), 
chabazite (SiO^/Al^O^ = 3.2 to 6.0 and 6.4 to 7-6), clino- 
ptilolite (SiO^/AlgO^ = 8.5 to 10.5), erionite (SiO^/Al^O^ = 
5.8 to 7.4), faujasite (SiO^/AlgO^ = 4.2 to 4.6), mordenite 
(SiO^/Al^O^ = 8.3^ to 10.0), phillipsite (SiO^/Al^O^ = 
2.6 to 4.4). These typical natural zeolites can be preferably 
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used in this invention. On the other hand, typical examples 
of synthetic zeolites used in this invention are A-type 
zeolite (Si02/Al203 = 1.^ to 2.4), X-type zeolite (8102^1203 = 
2 to 3), Y-type zeolite (3102^1203 = 3 to 6). mordenite 
(Si02/Al2O3 = 9 to 10). Particularly preferred examples 
of the zeolite used in this invention are synthetic A-type 
zeolite and X-type zeolite, and natural mordenite. 

The suitable form of zeolite used in this invention may 
be fine particles or the assembly of the fine particles. As 
the form of the assembly, there are, for example, pellets, 
granules. In the case of using the zeolite as the form 
of powder, however, it is preferred that the particle size 
of the powder be larger than 1 micron for retaining the 
zeolite powder stably in the fiber assembly. 

The metal-zeolite having a bactericidal activity used in 
this invention can be prepared by utilizing the ion exchange 
reaction as described above. For example, in the case of 
preparing the Ag-zeolite of this invention using various 
kinds of zeolites as defined in this invention, an aqueous 
solution of a water-soluble silver salt such as silver 
nitrate is usually used at the conversion to the Ag-zeolite 
and in this case it must be noticed that the concentration 
of the solution does not become too high. For example, if 
the silver ion concentration is too high, e.g., 1 to 2 M 
(molarity; hereinafter the same) AgN03, in the case of converting 
an A-type zeolite or an X-type zeolite i^- J-f sodium-type 
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zeolite) into an Ag-zeolite by utilizing an ion-exchange 
reaction, the silver ion in the solution forms silver 
oxide in the solid phase of the zeolite as the percipitates 
simultaneously when the silver ion is replaced with the 
sodium ion of the solid phase of the zeolite. The precipi- 
tation of the silver oxide on the zeolite reduces the 
porosity of the zeolite, whereby the specific surface area 
of the zeolite is greatly reduced. Also, even when the 
reduction of the specific surface area of the zeolite is 
not so serious, the bactericidal activity of the Ag-' 
zeolite is reduced by the presence of the silver oxide 
itself. For preventing the deposition of such excessive 
silver onto the solid phase of zeolite, it is necessary to 
maintain the concentration of the silver solution at a 
diluted state, e. g. , lower than 0.3 M AgNO^, preferably 
lower than O.l M AgNO^ (as shown in Example l). It has 
been found that in the case of using an aqueous AgNO^ 
solution of such a concentration, the specific surface area 
of the Ag-zeolite thus obtained is almost same as that of the 
original zeolite and the effect of the bactericidal activity 
can be utilized at the opt'imxim condition. 

In the case of converting the zeolite defined in this 
invention into a Cu-zeolite, the same phenomenon as mentioned 
above for an Ag-zeolite will take place according to the 
concentration of a solution of a copper salt used for the ion- 
exchange reaction. For example, when an aqueous solution of 
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1 M CUSO^ is used in the case of converting an A-type or 
an X-type zeolite (sodium-type zeolite) into a Cu-zeolite 
^y an ion-exohange reaction, Cu^* in t^e solution is 
replaced witl. Na* of the solid phase of the zeolite but 
.t the sa«. time, hasic precipitates such as CUjCSO^) ( OH) ^ 
deposit in the solid phase of the zeolite, vherehy the 
porosity of the zeolite is reduced and thus the specific 
surface area thereof is also greatly reduced. For preventing 
the deposition of the copper ion onto the solid phase of 
zeolite, it is preferred to maintain the concentration of 
^ aqueous solution of a vater-soluhle copper salt used in 

= t . ailuted state, for example, lower than 

tliis invention at a dixurea a od. , 

0.05 M (as shovn in Example l). It has also heen found that 
in the case of using an aqueous CuSO^ eolution of such a 
concentration, the specific surface area of the Cu-zeolite 
ohtained is almost same as that of the original zeolite and 
the bactericidal effect is obtained at the optimum condition. 

AS stated above, at the conversion into an Ag-zeolxte 
or cu-zeolite. there is a deposition of a solid material 
onto the solid phase of the zeolite according to the 
concentration of a salt used for the ion-exchange reaction. 
However, at the conversion into a Zn-zeolite. there occurs 
„o such a phenomenon when the concentration of a solution of 
a salt used is about 2 to 3 M. Usually, the Zn-zeolit. to 
he used in this invention can be easily obtained by using 
a solution of a zinc salt having the for going concentration 
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of 2 to 3 M (as siiown in Example l). 

Wlien tile ion-exciiange reaction Tor ttie conversion into 
an Ag-zeolite, a Cu-zeolite or a Zn-zeolite is performed in 
a batch, method, tlie zeolite may be immersed in the metal 
salt solution having the foregoing concentration. In order 
to increase the content of a metal in the zeolite, the batch 
treatment may be repeated. On the other hand, in the case of 
treating the foregoing zeolite in a column method using a 
metal salt solution having the aforesaid concentration, the 
desired metal-zeolite is easily obtained by packing the 
zeolite in an adsorption column and passing a solution of 
the metal salt through the column. 

The amoixnt of the metal incorporated in the aforesaid 
metal-zeolite (the zeolite dried at 100*^C as a standard) may 
be less than IO56 by weight in the case of silver and is 
preferably 0.001 to 5^6 by weight. On the other hand, in the 
case of zinc or copper, the amount of zinc or copper 
incorporated in the metal-zeolite may be less than 259^ by 
weight and is preferably 0.01 to 159^ "by weight. 

The bonding strength between the zeolite defined in 
this invention and an antibacterial metal ion such as a zinc 
ion, a silver ion, and a copper ion is very high different 
from the case of making retain the metal ion onto an 
adsorptive material such as activated carbon, alxunina, etc., 
by simply a physical adsorption. Therefore, the strong 
bactericidal function of the fiber articl containing such 
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a tnetal-zeolite and a long durability of tlxe bactericidal 
effect are the specific features of this invention. 

The zeolite defined in this invention has a merit that 
the reactivity thereof with a metal having a bactericidal 
activity, such as Ag, Cu, and Zn is high. For example, the 
ion-exchangeable metal ion (Na*) in an A-type zeolite, 
X-type zeolite, a Y-type zeolite, or chabazite easily causes 
an ion-exchange reaction with Ag* , Cu^*, or Zn^* to retain 
the bactericidal metal ion in the zeolite with a high 
retaining power. Also, the zeolite defined in th±s invention 
has a merit that the selectivity for the adsorption of Ag"^ , 
Cu2+, or Zn^-' is high. Such a fact means that when a fiber 
article of this invention is used in a liquid or water 
containing various metal ions for the purpose of pasteurization, 
Ag+, Cu^"^, or Zn^-^ is stably retained in the zeolite for a 
long period of time as well as the bactericidal activity of 
the fiber article can be maintained for a long period of time. 

In addition, the zeolite defined in this invention also 
has such merits that the ion-exchange capacity is large and 
Ag-', Cu^*, or Zn^* having a bactericidal activity can be 
largely retained in the zeolite. Furthermore, the zeolite 
defined in this invention has a merit that the amount of 
Ag*, Cu^*, or Zn^* contained in the zeolite particles can 
be easily controlled in an ion exchange in accordance with 
the purpose of using the fiber article of this invention. The 
zeolite having a 3103^1203 mol ratio of afmost 1^* and a 
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specific surface area of at least 150 m /g used in this 
invention lias a large ion-exchange capacity, e. g. , 5 ineq/g 
for chahazite, 2.6 meq/g for mordenite, 3.8 meq/g for 
erionite, 2.6 meq/g for clinoptilolit e , 7-0 meq/g for A-type 
zeolite, 6.k meq/g for X-type zeolite, and 5-0 meq/g for 
Y-type zeolite (the foregoing momerical values are rough 
values of the ion-exchange capacity per uxx±t weight of the 
zeolite (as anhydrous zeolite) ). 

Examples of the material for the low-melting thermo- 
plastic synthetic fibers used in this invention are polyvinyl 
chloride, polyvinylidene chloride, polyethylene, polypropylene, 
an ethylene-propylene copolymer, an ethylenevinyl acetate 
copolymer, polystyrene, nylon 6, nylon 66, nylon 6lO, 
copolymerized polyamides, polyethylene t erephthalate , 
polyhutylrae terephthalate , polyethylene isophthalate , poly- 
hexamethylene terephthalate, copolymerized polyesters. 

The fiber staple containing the low-melting thermoplastic 
synthetic fibers used in this invention may be composed of 
the low-melting thermoplastic synthetic fibers only. Also, 
the fiber staple may be a staple composed of a high-melting 
component having a relatively high melting point coated 
partially or wholly with the foregoing low-melting component 
or may be a staple of sheath-one type composite fibers 
composed of a high-melting component as the core material and 
the low-melting component formed thereon as a sheath or 
conjugate type composite fibers composed of both components. 
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-F-il^e-rs composed of poly- 
i-Here are composite lioers 
For example, xnere a.i^ c 

ethylene ter.pht^alat. as tl.e Ul«h-=.eXtin. component and 
poly.t>.ylene, polypropylene, polystyrene. p=lya»±de, or 
copolyMeri.ed polyester as t^e lo«-n.eltln« component and 
composite fibers composed of polypropylene as the hxgn- 
maltin. component and polyethylene, an ethylene-propylene 
copolymer, or an ethylene-vlnyl. acetate copolywer as the 

low-melting component. 

j^y other natural fiher staples and synthetic fiber 
staples may he also nsed in the mixed fi.er assemhly according 
« this invention. However, vhen synthetic fiber staple Is 
.elected, it is preferred to use synthetic fibers of the same 
3ystem as the low-melting thermoplastic synthetic fibers. 
;,lso, in the case of using composite fibers, it is preferred 
that the hi^-meltins component is also a polymer of the 

3,me system. In these c it is particularly preferred 

that the synthetic fiber staples and the low-melting 

, ..■ .^thetic fibers (and the higb-melting component) 
are all composed of polyester series polymers. 

The fiber length of the foregoing fibers may be 30 to 
XOO mm, which is an ordinary staple length, and further the 
fineness or size of the fibers may be usually 1 to 20 deniers. 

The mixed fiber assembly in this invention mean, a web 
such as a parallel web, a cross web, a random web and the li^e 
prepared by mixing the foregoing natural fiber staple or 
synthetic fiber staple and a fiber staple containing the 
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low-melting thermoplastic syntHetic fibers having a melting 
point at least 30°C lower than the melting point or the 
decomposition point of the aforesaid staple at a proper 
ratio and fabricating the mixture by means of a proper 
weaving machine or a needle ptmching non-woven fabric of 
the said web. 

One of the features of the mixed fiber assembly is that 
by performing a heat treatment at a temperature condition of 
higher than the melting point of the low-melting thermo- 
plastic synthetic fibers' and lower than the melting jioint or 
the decomposition point of the natural fiber staple or the 
(high-melting) synthetic fiber staple, the low-melting 
synthetic fibers are almost melted to stick the plural 
staples to each other at the intersection points, whereby 
zeolite particles are retained in the fiber assembly in a 
state incorporated therein. Other feature of the mixed 
fiber assembly is that since sticking occurs at the staple 
intersection points only, less formation of film can be . 
observed compared with the case of adhesion by impregnation 
of a binder, which prevents the reduction of porosity of 
the fiber assembly and the reduction in the function of the 
zeolite solid particles. Still other feature of the mixed 
fiber assembly is that by pressing the low-melting synthetic 
fibers while they are in a molten state after heating or by 
simultaneous heating and pressing the low-melting synthetic 
fibers, the bulkiness, the elasticity, and_pore size of the 
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fiber assembly can be controlled and the Tiber assembly can 

be stuck in a body. 

Hitberto, there is knovn a particles-containing sheet 
prepared by dispersing activated carbon, alumina particles 
and the like in a fiber assembly for, for example, removing 
noxious gases in air. However, in such a sheet, it is 
difficult to uniformly incorporate the solid particles in 
a fluffy fiber assembly. As a still larger faults of the 
aforesaid sheet, there frequently occurs a phenomenon that 
the solid particles in the completed sheet move through the 
cavities of the fiber assembly as the result of handling 
or vibrating the sheet or as the result of the action of 
air stream passing through the sheet and in an estreme 
case the particles flow out of the sheet, whereby there form 
portions having a low density of the particles to cause the 
passage of noxious gases at the low-density portions and 
to shorten the effective life of the sheet. Also, even 
when the proportion of particles contained in the sheet is 
increased, it increases pressure loss in vain and it is 
frequently difficult to sufficiently exhibit the function 
of tlie particles • 

On the other hand, in the case of using the mixed 
fiber assembly of this invention, the mixed fiber assembly 
firmly retain therein zeolitic solid particles to such an 
extent that the influence by the vibration at operation or 
by flowing of an external medium is very smill, and also 
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the pressure loss by the passage of an external fluid can 
be restricted in a practical range. 

The mixing ratio of the natural fiber or synthetic 
fiber staple to the staple containing the low-melting 
thermoplastic composite fibers in the mixed fiber assembly 
of this invention is preferably from 90 : 10 to 10 : 90 by 
weight ratio- la this case, if the proportion of the 
natural fiber or synthetic fiber staple is over 90^, the 
density of heat welded points among the fibers of the fiber 
article becomes too small and sticking of fibers in the 
body is insufficient, whereby fibers are liable to separate- 
On the other hand, if the proportion of the natural fiber 
or synthetic fiber staple is less than lOfo, the welded 
components becomes too large, the fiber article thus 
obtained is lacking in flexibility, and the contact of the 
zeolitic solid particles contained in the article with an 
external fluid is reduced. 

Furthermore, the density of the mixed fiber assembly 
in ttLis invention is preferably 0.05 to 0.5 g/cm . ir tlie 
density of the mixed fiber assembly is less than 0.05 g/cm , 
depending upon the diameter or size of zeolitic solid particle 
or the assemblies thereof packed or contained in the mixed 
fiber assembly, the movement of the packed material occurs 
by the- vibration of the fiber article at the operation 
thereof or by th flow of an external medium, which results 
in the reduction of the contact of the packed material with 
an external fluid and the reduction in the function of the 
packed material. On the other hand, if the density of th 
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mixed fiber assembly is Ixigixer- than 0.5 g/cm^. the pressure 
loss at the passage of an external fluid becomes larger to 
cause a trouble in case of practical use. 

The density of the mixed fiber assembly can be 
controlled by property controlling the pressure at the heat 
treatment for sticlcing pXuxal staples at the intersection 
points of the staples by melting the lov-melting thermo- 
plastic synthetic fibers to unite the fiber asseml^ly and 

solid particles in a body. 

AS a method for uniting the mixed fiber assembly and 
zeolitic solid particles in a body, there are a method of 
heating the mixed fiber assembly, applying thereto zeolitic 
solid particles or assemblies thereof to contact with the 
mixed fiber assembly while the low-melting thermoplastic 
synthetic fibers are in a molten state, applying pressure 
to the mixed fiber assembly, then cooling it to fix the 
particles onto the mixed fiber assembly and a method of 
subjecting the mixed fiber assembly solely to a pre- 
heating and pre-pressing treatment to form a sheet 
having controlled bulkiness, elasticity, and pore size, 
packing zeolitic solid particles in the sheet, and then 
heating and pressing the sheet again to fix the particles 
onto the fiber assembly in a body. In the case of employing 
the latter method, it is preferred from the point of firmly 
fixing the zeolitic solid particles onto the fiber assembly 
iix a body to perform the last heating and "pressing treatment 
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at iiiglier "temperature and pressure for longer period or 
time tlian tiiose in the pre— iaeating and pressing- treatment. 

It is proper that the proportion of the zeolitic solid 
particles having a bactericidal eTfect in the fiber article 
is in a range of 0.1 to by weight. If the proportion 

is less than O.196 by weight, the bactericidal effect to an 
external fluid is insufficient. On the other hand, if the 
proportion is over 6096 by weight, the bactericidal effect 
cannot increase any more. The most preferred proportion of 
the metal— zeolite having a bactericidal effect according to 
this invention is 0.5 to by weight to the amount of 

fibers . 

"When the mixed fiber assembly is composed of a natural 
fiber or synthetic fiber staple and a staple of thermoplastic 
synthetic fibers alone having a melting point at least 30^0 
lower than the melting point or the decomposition point of 
the foregoing staple, the heating temperature of the mixed 
fiber assembly is between the melting point or the decomposi- 
tion point of the natxiral fibers or synthetic fibers and 
the melting point of the low-melting thermoplastic synthetic 
fibers. Also, when the mixed fiber assembly is composed of 
a natural fiber or synthetic fiber staple and a thermoplastic 
composite fiber staple composed of a high-melting component 
wholly or partially coated with a low-melting component having 
a melting point at least 30^C lower than the melting point or 
the decomposition point of the foregoing stapl , the difference 
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betveen the melting point of said low-melting component and 
tlxe melting point of said higlx-melting component being 
larger than 30°C, the heating temperature for the mixed 
fiber assembly is established in a range of from the lower 
temperature between the melting point or the decomposition 
point of the natural fibers or synthetic fibers and the 
melting point of the high-melting component of the thermo- 
plastic composite fibers to the melting point of the low- 
melting component of the thermoplastic composite fibers. 
Also, when the mixed fiber assembly is composed of foregoing 
three Icinds of staples, the heating temperature for the mixed 
.fiber assembly is established in a range of from the lower 
temperature between the melting point or the decomposition 
point of the natural fibers or synthetic fibers and the 
melting point of the hi^-melting component of the thermo- 
plastic composite fibers to the higher temperature between 
the melting point of the low-melting thermoplastic synthetic 
fibers and the melting point of the low-melting component of 
the thermoplastic composite fibers. 

AS a heating method, dry heating such as indirect 
heating by hot blast, infrared heater, and direct heating by 
a heating plate, a heating roll, or wet heating by hot water, 
steam, high-pressure steam, may be employed. As a pressing 
means, a press system, a roll system and the like may be 
properly employed. 

The fiber article of this invention re'taining therein 



- 19 - 



0103214 

-;lo ■ 

zeolitic solid particles having a bactericidal effect has a 
merit of effectively utilizing the bactericidal effect of 
the metal-zeolitic solid particles in various utilization 
fields as compared to the foregoing toiown method such as a 
method of using a solution of a bactericidal metal or a method 
of utilizing a bactericidal metal by applying it onto an 
adsorbent, by a simple physical adsorption and then paclcing 
the adsorbent in a vessel or fixing the adsorbent with a 
resin. In addition, the fiber article of this invention is 
excellent in a point that the article can be easily equipped 
to a desired place and a point of worlcability. 

In other words, the fiber article of this invention 
contains zeolitic solid particles without reducing the 
bactericidal effect of the metal-zeolitic solid particles 
and since the fiber article can be fabricated into a sheet, 
a tape as well as can be molded into blocks, hollow blocks 
(e. g. hollow cylinders), of any desired forms, the fiber 
article can be utilized in various fields. Moreover, as 
described above, the fiber article of this invention can be 
very easily equipped to a desired place or can be very easily 
replaced and also since a bactericidal metal is retained on 
the active zeolite, the article of this invention is excellent 
in bactericidal function and the long durability. 

Practically, mats, beds, bedclothes, pillows and the like, 
having the fiber article of this invention as the outside 
cover layer and also filters, insoles of shoes, general 
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sanitary goods, obtained by molding or laminating the 
article are suitable applications of the fiber article 

or ttiis invention. 

Then, the invention will be further explained by the 
following examples ^ut the invention is not limited to 
these examples so far as the invention is not over the 
scope of this invention. 

Example 1 

To 250 g of eaol. of tue fine dry powder of 6 Icinds of 
tl.e natural and synthetic zeolites described in Table 1 
„a= added 500 «1 of an aqueous 1/10 M silver nitrate solution 
and the mixture thus obtained vas stirred for 3 hours at 
room temperature to perform the ion exchange. After 
filtering the silver-zeolite obtained by such an ion-exchange 
method, the silver-zeolite vas vashed with water to remove 
excessive silver ion. Then, the silver-zeolite thus washed 
was dried at 100 to 105°C and then crushed to provide fin. 
powder of the silver-zeolite. The silver content and the 
specific surface area of the silver-zeolite thus obtained 
are sliovn in Table 1. 
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(Hereinafter, in the converted silver-zeolites described 
above, the silver-A type zeolite is abbreviated as Z^, the 
silver-X type zeolite as Z^, the silver-Y type zeolite as Z^, 
the silver-natural mordenite (made by Shin Tohokaa Kogaku 
Kogyo K. K, ) as Z^^, the silver-natural mordenite (made by 
Anadonda Minerals Company) as Z^, and the silver-natural 

chabazite as Zg.) 

Each of the converted silver-zeolites Z^ to Zg obtained 
by the foregoing method was packed in the fiber assembly and 
they were united in a body by the following manner to provide 
test pieces of the particle-packed fiber articles of this 
invention. 

A polyethylene terephthalat e staple (melting point 260°C) 
having a size of 6 deniers and a fiber length of 51 ™n ^as 
mixed with a copolymerized polyester staple (melting point 
110°C) of terephthalic acid and isophthalic acid of a 
copolymerization ratio of 60 : kO (by mol ratio) having a 
size of 6 deniers and a fiber length of 51 mm at a mixing 
ratio of 70 : 30 by weight and a web was formed from the 
mixture by means of a random weaving machine and laminated to 
provide a web having a weight of 200 g/m^. The web was 
pre-heated and pre-pressed by means of a pair of stainless 
steel rolls having a roll surface temperature of 110*^0 and a 
line pressure of 20 kg/cm to form a sheet. Since the fore- 
going heating and pressing were performed for a short period 
of time, the surface of the sheet was in a state of w b 
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having small fluffs. Tlie foregoing silver-zeolite powder 
was spread over th.e sheet thus obtained by a vibration 
method, the same kind of sheet was placed on the aforesaid 
sheet and they were heated and pressed again for one minute 
by means of a bed press machine at a temperature of 130*^C a 
pressure of 10 kg/cm^, whereby the sheets and the silver- 
zeolite powder were \anited in a body by melt sticking of 
low-melting polyester. 

The fiber density in the test piece was 0.2 g/cm and 
the proportion of th.e silver-zeolite powders to each 

was about 25f6 (as anhydrous zeolite) to the fibers. 

The evaluation of the bactericidal activity of the 
foregoing 6 kinds of the silver-zeolite powder-packed 
fiber articles and tests for the extinction rate of 
Euraycetes and for th.e durability of the bactericidal 
activity were performed by the following test methods. 

(l) Test method for the evaluation of bactericidal 
activity: 

A bactericidal activity test by a disc method was 
performed. Each of the aforesaid 6 kinds of the silver- 
zeolite powder-packed fiber articles was cut into a disc of 
8 mm in diameter to provide a test disc. A Mueller Hint on 
culture medium was used for bacteria and a Sabourand medium 



was used for Eumycetes. Test bacteria or ftangi were 

8 

floated on a physiological saline solution at 10 /ml and 

then was dispersed in the culture medixim by means of a Conradi 
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rod at 0,1 ml. Tlien, the test disc was placed on tlie medium. 

The bactericidal activity was evaluated by observing 
the presence of an inhibition zone formation after cultivating 
for 18 hours at 37^C in the case of bacteria and by observing 
the presence of an inhibition zone formation after cultivating 
for one week at 30°C in the case of Eumycetes. 

(2) Method of measurement for the extinction rate of 
Eymyce tes : 

Each of the 6 kinds of the silver-zeolite powder-packed 
Tiber articles of this invention was immersed in a suspension 
of the spores (lO^ spores/ml) - of Aspergillus flavus for 2k 
hours at 30^C. Then, the suspension was sampled, diluted, 
and the diluted sample was dispersed in a Sabourand ager 
medium and then maintained for 2U hours at 30^C* Thereafter, 
the number of living spores was measured and the extinction 
rate was calculated. 

(3) Test method for the durability of bactericidal 

activity: 

Each of the 6 kinds of the test pieces of the fiber 
articles of this invention was immersed in still water or 
running water, whereby the relation between the bactericidal 
activity and the passage of time was obtained. The aforesaid 
test was performed by a disc method until the bactericidal 
activity was vanished. At these tests, Candida albicans 
was used as the test bacteria. At the still water test, 
water was exchanged every 15 hours. 
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Tlie evaluation results of* tiie bactericidal activity are 
siiown in Table 2, tlie measurement results for tlie extinction 
rate of Eumycetes are shown in Table 3, and the evaluation 
results for tlie durability of bactericidal activity are 
shown in Table The sample marks of the silver*— zeolite 

powder-paclced fiber articles shown in Tables 2 to k are as 
follows: 

F^z Fiber article packed with silver— A type zeolite 



powder (Z^^) 



F^: Fiber article packed with silver— X type zeolite 
powder (Z^) . 

F^: Fiber article packed with silver— Y type zeolite 
powder (Z^) • 

F^: Fiber article packed with silver— natural mordenite 
powder (Z^) . 

F-: Fiber article packed with silver— natural mordenite 
5 

powder (Z^ ) . 

Fg : Fiber article packed with silver— natural chabazite 
powder (Zg) . 
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Table 2 (Evaluation of bactericidal activity) 



Kind of test fungias 


^1 


^2 


^3 




^5 


^6 


Escliericliia coli 


+ 


+ 


+ 


+ 


- 


- 


P s eud o mona s ae rugino s a 


+ 


+ 


+ 


+ 




+ 


Stapliylococcias aureus 


+ 


+ 






+ 


+ 


Candida albicans 


i 




+ 




+ 

1 J 


+ 


Table ^ (Extinction 


rate 


of Eumvcetes) 




















Kind ot test Tiongus 


^1 


F 










Aspergillus flavus 


ioo9^ 


10096 


10096 


100f6 


99^ 


99^6 j 



Table k (Evaluation of durability of bac tericidal 
activity) ^ — 



Test state 


^1 


^2 


^3 


^> 


^5 


^6 


Immersed in still 
water 


>i6 m.* 


>16 m. 


>l6 m. 


>l6 m. 


>16 m. 


>16 m. 


Immersed in ininn— 
ing water 


>12 m. 


>12 m. 


>12 ra. 


>12 m. 


>12 m. 


>12 m. 



(m): Month. 
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AS is clear from Table 2, it Has been confirmed tliat 
the Silver-zeolite powder-paclced fiber articles F^^, and 

are excellent in antibacterial property to tlxe test fungi. 
It has also been confirmed that the silver-zeolite powder- 
paclced fiber article F3 is excellent in antibacterial 
property to the three kinds of test fungi Staphylococcus 
aureus and the fiber articles F3 and F^ are excellent in 
antibacterial property to the three kinds of the test fungi 
except Escherichia coli. Furthermore, as is clear from 
Table 3. the bactericidal activity to Aspergillus flavus 
is 10096 for the fiber articles F^^ to F^ and higher than 
90^ for the fiber articles F^ and Fg. Still further, as is 
clear from Table 4, it has also been confirmed that the 
Silver-zeolite povder-packed fiber articles of this invention 
maintain the antibacterial activity for a long period of 
time* 

Comparison example 1 

Each of the dry products of the fine povders of the 
six kinds of the silver-unconverted natural and synthetic 
zeolites as used in Example 1 was packed in a fiber 
assembly by the same manner and packing ratio as in Example 
1 to provide a zeolite povder-packed fiber article. 

When the evaluation of the antibacterial activity of 
said fiber articles and the test for the extinction ratio 
of Eumyc tes by the fiber articl s were performed by the 
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same methods as in Example 1 using the same teat fungi as in 
Example 1, no inHibition zone was formed and ttxe extinction 
rate was 09^. 



Example 2 

To 250 g of each of the dry fine powders of ^ kinds of 
the natural and synthetic zeolites described in Table 5 was 
added 1 liter of an aqueous 1/20 M copper sulfate solution 
and the resultant mixture was stirred for 5 hours at room 
temperature to perform an ion-exchange reaction. Then, the 
copper-zeolite thus obtained by such an ion-exchange method 
was filtered by suction and washed with water until the 
sulfate ion disappeared. Thereafter, the washed . copper- 
zeolite of converted copper-zeolite. 

The copper content and the specific surface area of 
each of the copper-zeolites converted by the foregoing 
method are shown in Table 5- addition, the scanning 

electron microscopic photographs of the unconverted A-type 
zeolite and the converted copper-A type zeolite are shown in 
Fig. 1 and Fig. 2, respectively. 
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Table 5 



Zeolite 


Copper content (96) 
of converted 
copper— zeolite 


T 

Specifig surface 
area (m /g) of 
converted copper- 
zeolite 


A-type zeolite* 


1.08 


• 6k9 


Y-type zeolite* 


1-21 


903 


Natural mordenite* 


0.29 


179 


Natural diabazite* 


0.10 

i 


506 ; 



(*) A-type zeolite: O. 9^Na20» AlgO^* 1. 92Si02* xHgO: 

fine powder finer than lOO mesh.. 
Y-type zeolite: 1. l^tNagQ. AlgO^' U. 90Si02' XH2O: 

fine powder finer than 200 mesh. 
Natural mordenite: 2O20A, trade name, made by 

Anaconda Minerals Company, fine 
powder finer than lOO mesh. 
Natural chabazite: 5050L, trade name, made by 

Anaconda Minerals Company, fine 
powder finer than lOO mesh. 
(In the converted copper-zeolites, the copper-A type 
zeolite is abbreviated as Z^, the copper-Y type zeolite as 

Zo, the copper-natural mordenite as Z and copper-natural 
8 

chabazite as Z^^,) 

Each of the copper-zeolites Z^ to Z^q obtained by the 
foregoing method was packed in the fiber assembly as in 
Example 1 by the same manner and the same pa»teing ratio as in 
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Example 1 suid they were united in a body as in Example 1. 
Tlie extinction rate to Eumycetes was tested on each of the 
c opper— zeolite powder— packed fiber articles thus obtained 
and the results are shown in Table 6» The method of measure- 
ment for the extinction rate to Eumycetes was conducted by 
the same manner as in Example 1. The sample marks of the 
copper— zeolite powder— packed fiber articles shown in 
Table 6 are as folloss. 

: Fiber article packed with copper— A type zeolite 
powder (Z^ ) . 

Fg : Fiber article packed with copper-Y type zeolite 
powder ( Zg ) . 

Fq : Fiber article packed with copper-natural mordenite 
powder ( Z^ ) . 

F^Q : Fiber article packed with copper— natural chabazite 
powder (2-^0^ * 

Table 6 (Ext inction rate to Eumycetes) 



Test fungus 


^7 


^8 






Asperg^illus flavus 




60^ 


8596 


82^ 



As is clear from Table 6, the c opper— zeolite powder- 
packed fiber articles of this invention showed a consider- 
ably excellent bactericidal effect to Aspergillus flavus as 
shown by the valu s of the extinction rate. 
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Comparison example 2 

To 50 g of the A-type zeolite fine powder as used in 
Example 2 was added 200 ml of an aqueous 1 M copper sulfate 
solution and the resultant mixture was stirred for 5 hours 
at room temperature. The copper-A type zeolite thus obtained 
was filtered by suction, washed with water until the sulfate 

ion disappeared, dried at 100-105°C, and then pulverized to 
provide fine powder of the copper-A type zeolite. The 
converted copper-A type zeolite thus obtained contained 
Cu^(SO^)(OH)^ as deposition thereof. The scanning electron 

microscopic photograph of the converted product thus 
obtained is shown in Fig. 3* 

The converted copper-A type zeolite thus prepared was 

packed in a fiber assembly as in Example 1 and they were 
united in a body as in Example 1. 

The extinction rate to Eumycetes by the copper-A type 
zeolite-packed fiber article was 20^6. 

Example 3 

To 1 kg of dry powder of A-type zeolite (l.OSNagO-AlgO^- 
1.92Si02-xH20j water content 15-3^. powder finer than 

100 mesh) was added 4 liters of an aqueous 2M zinc chlorid 
solution and the resultant mixture was stirred for 3 hours 
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and 20 minutes at 60 C. The zinc-zeolite thus obtained 
by such an ion exchange was separated by centrifugation. 
Thereafter, the foregoing batch process was repeated. 
In this example, the treatment by such a batch process was 
repeated four times. The zinc— zeolite finally obtained was 
washed with water to remove excessive zinc ion. 

Then, the Zn— zeolite was dried at about lOO^C and 
pulverized to provide fine powder of the zinc— A type 
zeolite ♦ 

Also, to 200 g of each of two kinds of powder of 
natural zeolites, i. e., natural^ mordenite (2020A, trade 
name, made by Anaconda Minerals Company, fine powder finer 
than 100 mesh) and natural chabazite (505OL, trade name, 
made by Anaconda Minerals Company, fine powder finer than 
100 mesh) was added 1 liter of an aqueous l/20 M zinc 
sulfate solution and the resultant mixture was stirred for 5 
hours a-t room temperature -to perform an ion exchange. The 
zinc— natural zeolite was filtered by suction and washed 
with water until the sulfate ion disappeared. Then, the 

washed zinc-natural zeolite was dried at 100— 105°C and 
then pluverized to provide fine powder of zinc— natural 
zeolite . 
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The zinc content and the specific surface area of 3 
kinds of the zinc-zeolites obtained in the foregoing 
methods are shown in Table 7- 



Table 7 



Zeolite 


Zinc content (^) 
of converted 
zinc— zeolite 


Specific surface 
area (m /g) of 
converted zinc- 
zeolite 


A— type zeolite* 


23-5 


^35 


Natural mordeni t e * 


0.85 


171 


Natural cliabaz i t e 


1.25 


463 



(*): A-type zeolite: l.OSNa^O- Al^O^- l.gSSiO^-xH^O: 

fine powder finer than lOO mesb.. 



Natural mordenite: 2020A, trade name, made by 

Anaconda Minerals Company, 

fine powder finer tiian 100 mesh.. 

Natural cliabazite: 505OL, trade name, made by 

Anaconda Minerals Company, 

fine powder finer than 100 mesh.. 

(l-n the converted zinc— zeolites , the zinc— A type zeolite 

is abbreviated as Z^^, the zinc— natural mordenite as ^2^2 » an«i 

the zinc-natural chabazite as Z.^.) 
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Eacli of the converted zinc-zeolites 2^^^ to Z^^ obtained 

by the foregoing methods was packed in a body in the fiber 

assembly as used in Example 1 by the same manner and 
packing ratio as those in Example 1. The test results for 

the extinction rate to Eumycetes by these zinc— zeolite 
powder-packed fiber articles are shown in Table 8* The 
extinction rate to Eumycetes was measured by the same 
manner as in Example 1* Also, the sample marks of the 
zinc-zeolite powder-packed fiber articles shown in Table 8 
are as follows. 

Fiber article packed with zinc-A type zeolite 



F s 



F : 
13 



powder 

Fiber article packed with zinc— natural mordenite 
powder (^^^2) - 

Fiber article packed with z±nc-natural chabazite 
powder (2^^), 



Table 8 (Extinction rate to Eumycetes) 



Eumycetes 


F 


^12 


F 

13 


Aspergillus flavus 


9096 


8296 


80^ 



As is clear from Table 8, the zinc— A type zeolite 
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powder-packed fiber article siiowed surricient bactericidal 
activity to Aspergillus f lavus . 
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WHAT IS CLAIMED IS ; 

1. A particle-packed fiber article having an anti- 
bacterial property comprising zeolitic particles retaining 
therein at least one metal ion having a bactericidal property 
and having a specific surface area of at least 150 m / g and 
a S±0^/Pl1^0^ mol ratio of at most l4 and a mixed fiber 
assembly composed of a natural fiber staple or synthetic 
fiber staple and a fiber staple containing low-melting thermo- 
plastic synthetic fibers having a melting point .at least 30°C 
lover than the melting point or the decomposition point of 
the aforesaid natural fiber staple or synthetic fiber staple, 
at least a part of the intersection points of the staple of 
said mixed fiber assembly being stuck to each other by the 
fusion of the low-melting thermoplastic synthetic fibers, 
whereby said zeolitic particles are incorporated and 
retained in the fiber assembly in the state of allowing the 
contact of the foregoing zeolitic particles with an external 
fluid . 



2. The particle-packed fiber article having an anti-bac 
terial property as claimed in claim 1 wherein the zeolitic 
particles are composed of A- type zeolite, X-type zeolite, 
mordenite, or a mixture thereof. 

3. The particle-packed fiber article having an anti- 
bacterial property as claimed in claim 1 or 2 wh rein the 
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.eolitic solid particles retain at least one metal ion 
Having a bactericidal activity selected from ttie group 

and zinc at the ion- exchange abl. 



consisting of silver, copper, 
sites thereof. 



k. The particle-paclced fiber article having an anti- 
bacterial property as claimed in one of claims 1 to 3 
wherein the amount of the zeolite solid particles paclced in 
the mixed fiber assembly is in a range of 0.1 to 60^6 by 
weight (as anhydrous zeolite) to the fiber. 
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FIG. I 
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ORIGINAL ^ 



